To evaluate the association between body mass index (BMI: kg/m 2 ) and mortality among Hispanic adults, we acquired 8 years (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004) of National Health Interview Survey data linked to public-use mortality follow-up data through 2006. Using Cox proportional hazards regression, we fit separate models for two attained age strata (18 to <60 years, ≥60 years) adjusting for sex, smoking, and physical activity with over 38,000 analyzable respondents. We found that, among those aged ≥60 years, underweight (BMI ≤ 18.5) associated with elevated mortality (hazard ratio [HR] = 2.19; 95% confidence interval [CI], 1.38-3.46) while overweight (BMI of 25 to <30) and obesity grade 1 (BMI of 30 to <35) associated with reduced mortality (HR's = 0.79; 95% CI, 0.65-0.95 and 0.71; 95% CI, 0.56-0.91), respectively. There were no significant associations between BMI and mortality among the 18 to <60 years attained age strata or among never smokers for either age strata. Overweight and obesity are not obviously associated with elevated mortality among Hispanic adults.
INTRODUCTION
The US Census Bureau estimates that the Hispanic population increased by 15.2 million between 2000 and 2010, accounting for more than half of the total US population increase of Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research, subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms 27.3 million (1) . Moreover, since the start of the 21 st Century, the Hispanic population in the US has grown by 43%, which is four times the nation's 9.7% growth rate and much more than the non-Hispanic white population, which grew a little over 1% over the same period (2) . The US has the second largest Hispanic population in the world (2) and by 2050 Hispanic persons are projected to comprise 30% of the US population (3, 4) .
The latest age-adjusted data from the National Health and Nutrition Examination Surveys (NHANES) estimates that 78.8% of Hispanic adults aged 20 years or older are overweight or obese compared to 66.7% among non-Hispanic persons (5) . Similarly, male and female Hispanic children have higher odds of being overweight compared to their non-Hispanic counterparts (1.81 and 1.47, respectively) (6). The high prevalence of overweight and obesity among Hispanic persons is concerning not only because of obesity's association with an array of adverse health conditions (e.g., heart disease, certain cancers), but also because Hispanic persons appear to be particularly vulnerable to developing metabolic syndrome, diabetes, asthma, and chronic obstructive pulmonary diseases (7) (8) .
Epidemiologic analyses show that obesity (i.e., body mass index [BMI: kg/m 2 ] ≥30) associates with increased mortality in whites (e.g., 9, 10) and black women [11] . We [12] recently showed that, in a pooled analysis of multiple datasets comprising Hispanic adults, obesity did not associate with increased mortality. The present study was designed to estimate the association between BMI and all-cause mortality among Hispanic adults using nationally representative data from 8 consecutive years of the National Health Interview Survey (NHIS), comprising nearly 40,000 Hispanic adults residing in the US. Because the association of obesity with mortality may be confounded by the effects of smoking and levels of physical activity, we adjusted for these variables. We also conducted a sensitivity analysis restricted to never smokers.
METHODS AND PROCEDURES
The NHIS is an ongoing cross-sectional survey of the US civilian non-institutionalized population (13) . Annually, NHIS collects data through self-report on about 100,000 individuals in 40,000 households. Typically, data is available only for a single-adult household member aged 18 years or older. Our analysis includes 8 years of combined NHIS data (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) of persons from one of seven Hispanic subgroups (i.e., Mexican, Mexican American, Central and South American, Puerto Rican, Other/Multiple Hispanic Subgroups, Cuban/Cuban American, and Dominican/Dominican American) (14) . NHIS Linked PublicUse Mortality Files provide mortality follow-up data from the date of NHIS interview through December 31, 2006 . Ascertainment of mortality is based primarily upon the results from a probabilistic match between NHIS and National Death Index death certificate records (15) . We acquired the NHIS data through the Integrated Health and Interview Series, (16) which is funded by the National Institute of Child Health and Human Development to curate the NHIS data.
Study Variables
Predictor-BMI (kg/m 2 ) was the predictor variable and was calculated from self-reported weight and height.
Outcome variables-Mortality information in terms of the age at death due to any cause, or the age at the last available follow-up.
Covariates-Data on sex, smoking status (never smoked, former/current smoker), physical activity (no physical activity, regular physical activity) were included as covariates in the analysis. Regular physical activity was defined as 10+ minutes of vigorous physical activity for at least 3 times a week or 10+ minutes of moderate physical activity for at least 5 times a week. Missing data were handled using listwise deletion. Observations that lacked information concerning baseline age or any pertinent covariate were removed from the analysis. We also excluded pregnant women from our analyses.
Statistical Analysis
We calculated hazard ratios (HR) for the BMI-mortality association using Cox proportional hazard (PH) regression. We treated BMI as a categorical variable, based on the federal BMIdefined body weight classifications (18) : underweight (BMI of 18.5 or less), normal weight, the reference category (BMI of 18.5 to less than 25), overweight (BMI of 25 to less than 30), obesity grade 1 (BMI of 30 to less than 35), and obesity grade 2 (BMI of 35 or greater). Similar to the approach used by Flegal and colleagues (17), we used age as the time scale and estimated separate models based upon two attained age strata (18 to <60 years and ≥60 years), where attained age refers to the sum of age at entry and the available follow-up time (The choice of these attained age strata was based on visual inspection of Kaplan-Meier estimates of the survival curves for each BMI category, which suggested crossing survival curves at approximately 60 years of age). We used the counting process formulation of the Cox model to account for left truncation due to variable age at baseline. Sex, smoking status, and physical activity were included as covariates in each model. The PH assumption for each covariate was examined by correlating the respective set of scaled Schoenfeld residuals with time (19) . For the ≥60 years attained age stratum, we observed evidence for deviation from PH for the effects of sex and physical activity. We therefore fit a stratified PH model with separate baseline hazard functions for each combination of sex and physical activity level (20) . However, since the results from the non-stratified and stratified model were similar, we report only the non-stratified results.
We also conducted sensitivity analyses, using the approach described above, among individuals who reported being never smokers (N = 25,803) with sex and physical activity included as covariates. We excluded the underweight category from the sensitivity analysis of the never smokers of the 18 to <60 years attained age stratum since there were no deaths reported in that stratum. Data were analyzed using R statistical computing environment (version 2.13) (21), using the survey package for R (version 3.25) (22) to account for the complex sampling design of the NHIS. Statistical significance was evaluated at the 0.05 level.
RESULTS
A description of the NHIS data for Hispanic respondents is shown in Table 1 . Nearly 60% self-identified as Mexican or Mexican-American. There were 1,461 identified deaths through 2006 (403 in the 18 to <60 years attained age stratum and 1,058 in the ≥60 years attained age stratum). Estimated HRs by BMI category for the two attained age strata is shown in Figure 1 for the entire sample (Panel A) and for never smokers (Panel B).
In the attained age stratum of 18 to <60 years, there were no significant associations between any of the BMI categories and mortality. For the ≥60 years attained age stratum, underweight (BMI < 18.5) associated with an elevated mortality (HR = 2.19; 95% Confidence Interval [CI], 1.38-3.46), while overweight (BMI 25 to <30) and obesity grade 1 (BMI 30 to <35) associated with a reduced mortality (HR's = 0.79; 95%CI, 0.65-0.95 and 0.71; 95%CI, 0.56-0.91), respectively. In analyses restricted to never smokers, we found no significant BMI-mortality associations in either of the attained age strata.
DISCUSSION
Using combined data on Hispanic adults from 8 consecutive years of the NHIS, we found that overweight and obesity were not associated with an increased mortality. Indeed, after adjusting for sex, smoking status, and physical activity, we found that overweight and obesity grade 1 were associated with decreased mortality among those in the ≥60 years attained age stratum. By contrast, underweight was associated with increased mortality among this age group. Among the 18 to <60 attained age stratum, underweight, overweight, and obesity did not associate with mortality. When we restricted the analysis to never smokers, we found no statistically significant associations between BMI and mortality in either of the attained age strata. However, it is important to note that, in the ≥60 years attained age stratum, both the point and interval estimates for overweight and grade 1 obese in never smokers overlapped with that of the overall sample. The lack of statistical significance in the analysis of never smokers could be due to reduced statistical power.
Similar findings (i.e., underweight associated with increased mortality and overweight and obesity associated with decreased mortality) have been obtained by other investigators studying older populations (e.g., 23). The association between underweight and mortality is also consistent with a vast number of BMI-mortality studies (e.g., 9-11, 24, 25) . While a potential for confounding due to occult disease is possible, we chose not to omit early deaths or individuals with recent weight loss or pre-existing health conditions from our analyses. Several methodological papers, presenting evidence based on mathematical proof, computer simulation, and meta-analysis (e.g., [25] [26] [27] , as well as large and well-conducted analyses (e.g., 28) have consistently shown that such measures, as well as adjusting for pre-existing health conditions, do not account for the elevated BMI-mortality association observed among the underweight (and invariably lead to a reduction in statistical power). The absence of associations between underweight and obesity with mortality among the younger age groups, however, is a finding that appears to be unique to Hispanic adults.
The pattern of results obtained among Hispanic adults is at odds with those typically found in non-Hispanic white and African American samples (e.g., 9-11). Specifically, white and African-American samples generally produce a J or U-shaped BMI-mortality association with elevated mortality in the lower and upper tails of the BMI distribution, with the lowest mortality in BMIs of 20 to about 25. However, at least one recent analysis, derived from data on over 1 million Asian adults (28) , found, consistent with our current findings among Hispanic adults, no elevated mortality with higher BMIs among Indians and Bangladeshis.
Although seemingly paradoxical, our results may relate to the findings of numerous studies (e.g., 29) which show a Hispanic mortality advantage. This has been referred to as the "Hispanic Paradox" and methodological factors such as racial and ethnic misclassification on death certificates or migration and cultural effects are unable to account for the findings (e.g., 30). A recent study (31) suggests that a lower prevalence of smoking may help to explain Hispanic persons' longevity advantage. While our results do not refute the role smoking may play in explaining the Hispanic paradox, it appears that other factors render obesity less deleterious, with respect to its association to mortality, than is commonly observed among white samples.
This study has several strengths including: the use of multiple years of NHIS data which contained large numbers of Hispanic respondents, the use of attained age and stratification to account for confounding and for effect modification by age, adjustment for sex, smoking status, and physical activity, and a supplementary analysis restricted to never smokers. The primary limitation of the study is that BMI was derived from self-reported weight and height. It has been shown that self-reported BMI can introduce bias which may account for discrepancies when compared to estimates derived from measured BMI (32) . Nonetheless, the present results are consistent with those obtained using BMI calculated from measured weight and height (12) . Another limitation is the relatively short duration of mortality follow-up (mean of 5.4 years). However, the results obtained herein are consistent with those previously published by our group (12) where the mean duration of follow-up was nearly 13 years. This suggests that the relatively short follow-up duration may not have markedly influenced the observed associations. Of course an additional limitation of this and all observational studies is that they show associations (or lack thereof) which may not necessarily indicate causation (or lack of causation).
In sum, our analyses suggest that there was no evidence that overweight and obesity associates with elevated mortality among Hispanic adults. This is an intriguing finding given that Hispanic persons have higher rates of obesity and diabetes compared to non-Hispanic whites. It appears, therefore, that, in contrast to samples of whites and African-American persons, overweight and obesity may impose a lesser, if any, morality burden upon Hispanic persons. The reasons for this are unclear and merit further investigation. In particular, given the high rates of conditions such as metabolic syndrome and pulmonary disease seen in Hispanic adults, it may be worthwhile to assess whether BMI associates with specific causes of death. To do so, however, would require a large, well-characterized prospective cohort of Hispanic adults to provide adequate statistical power to conduct cause-specific mortality analyses. 
